Dietary protein restriction of pregnant rats induces and folic acid supplementation prevents epigenetic modification of hepatic gene expression in the offspring.
Environmental constraints during early life result in phenotypic changes that can be associated with increased disease risk in later life. This suggests persistent alteration of gene transcription. DNA methylation, which is largely established in utero, provides a causal mechanism by which unbalanced prenatal nutrition results in such altered gene expression. We investigated the effect of unbalanced maternal nutrition on the methylation status and expression of the glucocorticoid receptor (GR) and peroxisomal proliferator-activated receptor (PPAR) genes in rat offspring after weaning. Dams were fed a control protein (C; 180 g/kg protein plus 1 mg/kg folic acid), restricted protein (R; 90 g/kg casein plus 1 mg/kg folic acid), or restricted protein plus 5 mg/kg folic acid (RF) diet throughout pregnancy. Pups were killed 6 d after weaning (n = 10 per group). Gene methylation was determined by methylation-sensitive PCR and mRNA expression by semiquantitative RT-PCR. PPARalpha gene methylation was 20.6% lower (P < 0.001) and expression 10.5-fold higher in R compared with C pups. GR gene methylation was 22.8% lower (P < 0.05) and expression 200% higher (P < 0.01) in R pups than in C pups. The RF diet prevented these changes. PPARgamma methylation status and expression did not differ among the groups. Acyl-CoA oxidase expression followed that of PPARalpha. These results show that unbalanced prenatal nutrition induces persistent, gene-specific epigenetic changes that alter mRNA expression. Epigenetic regulation of gene transcription provides a strong candidate mechanism for fetal programming.